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[57] ' ABSTRACT 

This invention relates to processable ionic elastomer 
compositions having improved compression set prop 
erties, especially at elevated temperatures. In this in 
vention an intractable ionic elastomer, for example, a 
sulfonated elastomer is blended with from 10 to 70 
parts per hundred of a crystalline polyole?n to yield 
novel compositions having the above properties. Pref 
erably the ionic elastomer is a sulfonated ethylene 
propylene terpolymer having from about 0.2 to 20 
mole percent sulfonate groups, at least 95% of which 
are combined with counterions selected from the 
group consisting of Groups IA, IIA, IB, and [IE of the 
Periodic Table of Elements, aluminum, antimony, 
lead, and mixtures thereof. The sulfonated polymer is 
combined with said counterions by neutralization of a 
polysulfonic acid precurser with a basic material in 
which the desired counterion is present as the cation 
thereof. The anion of said basic material is preferably 
selected from the group consisting of oxide, hydrox 
ide, and lower alkanoates, for example, acetate, for 
mate, and propionate. 

12 Claims, No Drawings 
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THERMOPLASTIC ELASTOMER COMPOSITIONS 

FIELD OF THE INVENTION 

This invention relates to processable ionic elastomer 
compositions having improved compression set proper 
ties, especially at elevated temperatures. In this inven 
tion and intractable ionic elastomer, for example, a‘ 
sulfonated elastomer is blended with from 10 to 70 
parts per hundred of a crystalline polyole?n to yield 
novel compositions having the above properties. Pref 
erably the ionic elastomer is a sulfonated ethylene pro 
pylene terpolymer having from about 0.2 to 20 mole 
percent sulfonate groups, at least 95% of which are 
combined with counterions selected from the‘ group 
consisting of Groups IA, IIA, IB, and IIB of the Periodic 
Table of Elements, aluminum, antimony, lead, and 
mixtures thereof. The sulfonated polymer is combined 
with said counterions by neutralization of a‘polysul 
fonic acid precurser with a basic material in which the 
desired counterion is present as the cation thereof. The 
anion of said basic material is preferably selected from 
the group consisting of oxide, hydroxide, and lower 
alkanoates, for example, acetate, formate, and propi 
onate. 

BACKGROUND OF THE PRIOR ART 

Ionic elastomers such as solfonated'ethylene-propy— 
lene-ethylidene norbornene terpolymer (Sulfo-EPT) 
have been developed recently. See US. Pat. No. 
3,642,728. These materials under carefully controlled 
conditions can be ‘formulated or compounded to pro 
duce products which can be processed at elevated tem— 
perature as thermoplastics, yet at ambient temperature, 
possess the rubbery character of vulcanized elastomers. 
These systems are similar to a new class of materials, 
designated as thermoelastomers. 
While the properties of these materials, such as S‘ul 

fo-EPT, are similar to those of vulcanized elastomers in 
many respects, they are markedly de?cient in one im 
portant area, i.e. compression set.'Compression set, as 
described under ASTM test conditions, (ASTM D 
395), is a measure of an elastomeric material’s ability 
to recover its original shape, after being subjected to a 
severe compressive load (25% reduction in thickness) 
for extended time periods (usually 22 hours). While 
vulcanized elastomers often possess compression set 
values for room temperature compression of 20 to 
25%, and values of 30% or so at compressive load 
temperatures of 70°C., the values obtained for Sulfo 
EPT are much worse. For example, it is common to 
observe values of compression set at room temperature 
for Sulfo-EPT based materials on the order of 50 to 
80%. At a temperature of 70°C., the compression set 
values are substantially worse, being on the order of 
95~l00%. In practical terms this means that such Sulfo 
EPT compositions are severely limited in their poten 
tial applications at temperatures which are near 70°C. 
or above. In effect, at such temperatures it appears that 
Sulfo-EPT based systems undergo a certain amount of 
irrecoverable ?ow when placed under compressive 
load. Such a de?ciency signifies that Sulfo-EPT based 
materials may not compete in those applications 
wherein compression set is important such as gaskets, 
automotive coolant hose, and many sealant uses. 
Therefore, it is clear that it would be extremely desir 

able to improve this characteristic of Sulfo-EPT. 
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2 
However, such an improvement should not be 

achieved at a major sacri?ce in polymer fabricability. 
For example, it has been shown that Sulfo-EPT when 
prepared with a suitable sulfonate level, and with a 
suitable cation can possess good compression set prop 
erties. However, when attempts are made to process 
such materials even at very high temperatures, it be 
comes evident that these materials are not processable 
under practical conditions such as extrusion, injection 
molding, or even compression molding. Therefore, the 
combination of good compression set (i.e., values 
below 80% at 70°C.) and ease of fabrication (i.e.,»pro 
cessability) has never been observed with a material 
based on Sulfo-EPT. 

SUMMARY OF THE INVENTION‘ 

Ionic elastomer compositions having improved pro 
cessability and compression set may be prepared by 
blending an intractable ionic elastomer with a minor 
amount of a crystalline polyole?n. The ionic elastomer 
comprises pendant ionic groups, e.g. carboxylate, phos 
phonate, and sulfonate groups. Preferably the back 
bone of the ionic elastomer is the sulfonated derivative 
of an elastomer for example, a sulfonated butyl rubber 
or a sulfonated ethylene propylene terpolymer. 
The crystalline polyole?n is characterized as a poly 

mer of an alpha-ole?n having a molecular weight of at 
least 2,000, preferably at least 10,000, and more pref 
erably at least 20,000. This material comprises substan 
tially an olefin but may incorporate other monomers, 
for example, vinyl acetate, acrylic acid, methyl acry 
late, ethyl acrylate, sodium acrylate, methyl methacryl 
ate, ethyl methacrylate, methacrylic acid, sodium 
methacrylate, etc. The preferred polyole?ns are se 
lected from the group consisting of polymers of'C2 to 
C4 alpha-ole?ns. Most preferably the polyole?ns are 
selected from the‘ group consisting of polyethylene, 
polybutene, polypropylene, and ethylene-propylene 
copolymers. It is critical that the crystalline polyole?n 
have a degree of crystallinity of at least 25% and most 
preferably at least 40%. 
Both high and low density polyethylene are within 

the scope of the instant invention. For example, poly 
ethylenes having a density from 0.90 to 0.97 gms./cc. 
are generally included. Polypropylene polymers having 
intermediate and high densities are the preferred exam 
ples of the polypropylene materials useful in the instant 
invention. These materials will have a density from 
0.88 to 0.925 gms./cc. The polyethylene or polypropyl 
ene can also be combined as copolymers thereof so 
long as adequate crystallinity is obtained in said combi 
nation. Thus, block copolymers wherein polyethylene 
or polypropylene is present in crystalline form are ef~ 
fective. I 

The sulfonated polymers of the instant invention 
comprise from about 0.2 to about 20 mole % sulfonate 
groups, preferably from 0.2 to about 5 mole %. At least 
95% of said sulfonate groups are combined with metal 
counterions selected from the group consisting of 
Groups I and II, of the Periodic Table of the Elements, 
aluminum, antimony, lead, and mixtures thereof. Pref 
erably, however, at least 98% of said sulfonate groups 
are so combined and most preferably 100% are so 
combined. The preferred metal counterions are se 
lected from the group consisting of magnesium, cal~ 
cium and barium. ' 

The sulfonated polymers used in the instant invention 
are the sulfonated, nonaromatic hydrocarbon polymers 



3,974,240 
' 3 

described in U.S.‘Pat. No. 3,642,728 herein incorpo 
rated by reference. This patent discloses various sulfo 
nated polymers including sulfonated butyl, sulfonated 
ethylene propylene terpolymer (EPT), sulfonated poly 
butadiene, etc. in both the acid and the salt forms. In 
contrast to the broad disclosure of said‘ patent, the 
sulfonated polymers useful in the instant invention are 
limited only to those speci?c sulfonated polymers de 
scribed herein as interactable. It has been found that 
there are critical parameters which must be met in 
order to provide sulfonated polymer compositions hav 
ing improved compression set and processability; thus, 
the limited range of sulfonate groups and the speci?c 
choice of neutralization agents allowable in the sulfo 
nated polymers useful in the instant invention. 

It has been found that unlike the compositions of the 
patent described above, whereby the compositions of 
the sulfonated polymer are characterized as being mod 
erately processable in their own right, the compositions 
of the sulfonated elastomers of the instant invention 
must be characterized as intractable. The operational 
de?nition of the term intractable involves either capil 
lary rheometer measurements‘ at 200°C. or milling 
characteristics at 150°C. in the ?rst instance an lnstron 
capillary rheometer with a 1.05 foot X .05 inch (90° 
entrance angle) capillary was employed to investigate 
the rheological behavior of the sulfonated elastomer at 
200°C. Apparent shear stress values as a function of 
shear rate in the shear rate range from 0.29 sec-1 to 
3000 sec‘I were obtained. The rheological criterion of 
intractability in the sulfonated elastomers useful in the 
instant'invention exhibit a viscosity number de?ned as 
a shear stress (at a shear rate of 0.74 sec“) of at least 
1 X 106 dynes/cm2 in conjunction with severe melt 
fracture at shear rates as low as 200 sec‘1 and prefer 
ably at shear rates as low as 100 sec“. At shear rates 
greater than 300 see‘1 the extruded capillary strands 
are‘ incoherent and extrude as powders or crumb. 
Clearly these materials are nonprocessable by extru 
sion-or injection molding or any high shear processing 
techniques. Compression molding these materials re? 
sults in articles which have not fused properly as deter~ 
mined by both visual observation and'the lack of ade-' 
quate physical property development. The mill behav 
ior'of the acceptable sulfonated elastomers are de 
scribed as incoherent at 300°F. However, as the mill 
temperature is increased, the polymers may become 
somewhat more coherent, but even at mill tempera 
tures of 450°F. the preferred materials are still not 
completely coherent. Thus the acceptable sulfonated 
elastomers are intractable or nonprocessable under 
typical polymer processing conditions however, unex 
pectedly they are processable when blended with a 
minor amount of the above described crystalline poly~ 
ole?ns. Furthermore, these blends can even show im 
proved compression set as compared to the sulfonated 
polymer above due to the improved fusion of the 
molded article. 
Due to the intractable nature of the preferred sulfo 

nated elastomer compositions, it is difficult to obtain 
reliable physical property measurements such as tensile 
strength, compression set, etc. However, by use of 
volatile plasticizer techniques or extreme molding con 
ditions (i.e., high temperature, high pressure) compres 
sion molded articles can be obtained and physical prop 
erties determined. In general the tensile properties of 
the sulfonated elastomer of the instant invention are 
relatively temperature insensitive when compared to 
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4 
the compositions of the above noted patent, as are the 
compression set ‘properties. The ratio of the tensile 
strength of the sulfonated elastomers, useful in the 
instant invention, at vambient conditions i.e., 23°C. to 
that at l00°C.>will be less than 20, more preferably less 
than 15 and most preferably less than 10/ 

Neutralization of the above described sulfonic acid 
polymer precursor is carried out by means known in 
the art, for example, see the above patent. However, it 
has been found that unlike the compositions of the 
patent described above, wherein the salts of the sulfo 
nated polymer are prepared by neutralization with any 
basic material which contains the desired counterion, 
in the compositions of the instant invention only spe 
ci?c anions may be present in the neutralization agent. 
Thus, the anion present in the neutralization agent is 
selected from the group consisting of oxide, hydroxide 
and the lower alkanoates, for example formate, acetate 
and propionate. 
This limitation is necessary since the composition of 

the instant invention should not contain substantial 
quantities of agents which can disrupt the ionic associa 
tions of the neutralized sulfonate species in the use 
temperature region. Thus, materials such as alcohols, 
long chain acids, amines, and similar polar materials 
with melting points less that 70°C. which can be formed 
in situ with, for example, alcoholate, long chain alkano 
ate, etc. type neutralizing agents should not be present 
in order that optimum properties be obtained. Modest 
quantities (about 1% or less) of such materials will not 
normally have a major effect. 
While not wishing to be bound by theory, it is felt that 

the sulfonated elastomer retains substantial ionic asso 
ciation at high temperatures and thus does not undergo 
conventional plastic ?ow. Consequently, the elastomer 
phase possesses substantial elastic recovery afterdefor 
mation even at elevated temperatures. 
As described above, the crystalline polyole?n which 

is blended with the above described sulfonated elasto 
mers is preferably selected from the group consisting of 
polyethylene, polypropylene, and ethylene;propylene 
copolymers. These polymers are characterized as hav 
ing a degree of crystallinity of at least 25%, preferably 
at lest 40%. The crystalline polyole?n will also have a 
melting point of at least 50°C., preferably at lest 70°C. 
The crystalline polyolefin is blended with the intracta 
ble polymer described above at a level of at least 10 
parts per hundred, preferably from 20 to 90 parts per 
hundred, and more preferably from 30 to 70 parts per 
hundred of intractable polymer. It is believed that the 
crystalline polyole?n functions by melting at elevated 
temperatures to provide a suitable degree of compata 
bility and improved flow. As the temperature is low 
ered, the compatability of ole?n decreases, and it sepa 
rates out as a dispersed phase in a continuous sulfonate 
polymer matrix. As the temperature is lowered, the 
sulfonate groups associate to provide the desired physi 
cal properties. 
The crystalline polyole?ns suitable for this invention 

can vary greatly in molecular weight from as low as 
2000 up to and exceeding 200,000. The preferred mo 
lecular weight range is from 4000 to 150,000. If the 
molecular weight of the polyole?n is too low, the crys 
talline polyole?n is essentially a wax. While effective in 
lowering the melt viscosity of the blend, such waxes do 
not improve strand quality in extruded articles and the 
physical properties of such blends are generally inferior 
to those of higher molecular weight polyole?ns. How 
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ever, low molecular weight crystalline polyole?ns, 
waxes, may be used at low levels in conjunction with 
the. de?ned polyole?ns as viscosity reducers. For very 
high molecular weight polyole?ns, the resulting blends 
exhibit excellent physical properties but poor process 
ability. In these cases, the addition of a minor amount, 
e.g., from 2 to 30 phr. based on the ionic polymer, of a 
compatible wax would be advantageous. However, the 
total amount of wax and de?ned polyole?ns‘should be 
in a minor amount in relation to the sulfonated elasto 
mer. - 

If the molecular weight of the polyole?n is too low, 
then noncrystalline products or oils result. While such 
oils classi?ed as paraf?nic oils are fairly compatible 
with the sulfonated elastomer, the resulting blend nei 
ther exhibits the acceptable ?ow behavior for process 
ing nor the requisite physical properties. Table VI illus 
trates these observations. An unexpected result shown 
in the table involves the viscosity level of the resulting 
blend. If the blends were purely physical in nature then 
a property of the blend should be a weighted average of 
the property of the constituents of said blend. While 
the viscosity of the parafinic oil used for blend 2 is 
much lower than that of the polyole?ns used in blend 1 , 
the viscosity of the blend resulting from the polyole?n 
is 1/2 that of the blend resulting from the oil. This is 
clearly unexpected on the basis of purely physical 
blending of two materials. The table furtherillustrates 
that the use of oils in such blends is not within the scope 
of this invention. 

7 The use of polyole?ns not possessing the requisite 
degree of crystallinity also results in blends which are 
unacceptable from either a physical property basis 
and/or a processability basis. Two example in Table VI 
illustrate these points. Blend 3 with a low molecular 
weight EPDM exhibits marginal processability at 
200°C. and extremely poor physical properties. Blend 4 
with atactic polypropylene exhibits an acceptable vis 
cosity level but early melt fracture in conjunction with 
unacceptable tensile properties. Thus polyole?ns with 
negligible levels of crystallinity are not within the scope 
of this invention. 
Compatability of the sulfonated elastomer with the 

nonsulfonated polymer is essential to develop the pro 
pertyrheology balance of this invention. The use of 
polyaromatics and glassy plastics such as polymethyl 
methacrylate, polyvinyl acetate, polystyrene, etc. in 
such blends are not within the scope of this invention 
due to incompatability with the ionic elastomer. The 
resulting blends exhibit this incompatability through 
poor physical properties, i.e., low tensiles, low elonga 
tion and/or unacceptable processability (incoherent 
extrudates). This behavior will be illustrated in subse 
quent examples. 

It is readily apparent that ternary or higher blends of 
several crystalline polyole?ns can be employed in this 
invention. For example, a combination of low density 
polyethylene and polypropylene with the requisite sul 
fonated gum provides materials with improved proper 
ties for certain applications. The hardness and ?exibil 
ity of the resulting composition can be controlled by 
the concentration and types of crystalline polyole?ns 
comprising the blend. The addition of a crystalline 
ethylene-propylene copolymer in conjunction with low 
density polyethylene or polypropylene yields materials 
with a different physical property-processability bal 
ance which might be advantageous for certain applica 
trons. 
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It is apparent that the blends of crystalline polyolefins 
with sulfonated elastomers can also contain other 
agents. For example. the compositions of this invention 
can be‘ further extended with other polymers such as 
polyvinyl chloride, polystyrene, ABS,‘ polycarbonate. 
phenolic resin,inylon 6, nylon 66, styrene-butadiene 
block copolymers, styreneisoprene block copolymers 
and similar plastics or elastomers provided that said 
additives are in minor proportions of the overall blend 
and provided that the crystalline polyole?n and sulfo 
nated elastomer are present in the critical proportions 
described above. ‘ 

The crystalline polyole?n and the sulfonated polymer 
may be blended by techniques known in the art. For 
example, solutions of the two materials may be ‘mixed 
and the resulting polymer blend removed by desolvent 
ization techniques or by solvent evaporation. Alterna 
tively, the material can be dry compounded on a two 
roll mill. Other methods known in the art which are 
suitable for making the above blends include those 
methods commonly employed in the plastics and elas 
tomer industries for mixing polymer systems. The elas 
tomer industry has relied extensively on a high shear 
batch type mixing device called a Banbury. The highs 
hear and resulting shear heating of viscoelastic materi 
als provides excellent polymer blends of the type de— 
scribed in this invention in very short mixing times. 
Continuous mixing equipment can have economic ad 
vantages over batch mixing devices in terms of time 
and labor savings. One such device is known as the 
FCM, Farrel Continuous Mixer. A more ef?c'ient blend 
is achieved by an intermeshing-interlocking twin screw 
extruder. The desired degree of mixing is controlled by 
the screw elements along with polymer residence time 
at a given shear condition. While the Banbury mixing 
device is the preferred batch type mixer, the twin screw 
extruder is the preferred continuous mixer. 
One method which is particularly suitable for prepar 

ing the instant blends involves the use of a polar mate 
rial to break up the association of the sulfonate groups. 
The unassociated sulfonated polymer may be easily 
blended with the crystalline polyole?n and other addi 
tives desired by the skilled artisan. However, the polar 
material must be removed after blending to obtain the 
desirable properties of the instant blends. Thus, the 
polar compound is preferably a volatile material which 
is conveniently removed by heating or vacuum. The 
polar compounds useful in preparing the blends of the 
instant invention include the lower boiling alcohols and 
carboxylic acids, e.g. methanol, ethanol and acetic 
acid, as well as water. 
The blends of the instant invention may additionally 

comprise various additives such as ?llers and extender 
oils, for example, carbon blacks of both high and low 
structure, mineral ?llers such as ground or precipitated 
calcium carbonates; delaminated, calcined or hydrated 
clays, silicas, and silicates. It is noted, however, that to 
obtain the desired properties which are the object of 
the instant invention, ?llers and extender oils must be 
chosen so that as not to break up the association of the 
sulfonate groups. . 

The instant application is related to ?led on the same 
day herewith, entitled “Blends of Sulfonated Elasto‘ 
mers Crystalline Polyole?ns,” in the names of R. D. 
Lundberg, R. R. Phillips, L. Westerman, and J. Bock. 
The difference between the inventions disclosed is that 
in the instant invention the sulfonated polymers used 
are limited to intractable polymers. Thus, the instant 
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invention relates to processable blends based on intrae— 
table polymers having unexpectedly improved com 
pression set properties. However, the blends of the 
instant invention are useful in the same applications as 
those described in the aforementioned patent applica 
tion. In applications where good compression set prop 
erties are important, the instant materials would be 
preferred. The following are speci?c embodiments of 
the instant invention, but are illustrative and not in 
tended to limit the scope of the claims. 1‘) 

EXAMPLE 1 

This example will demonstrate the rheological char 
acteristics of Sulfo-EPT gums at various sulfonate lev 
els, and with various cations. In all cases it will be 
shown that the extrusion behavior is similar in some 
respects to ethylidene norbornene a covalently cross 
linked ethylene-propylene terpolymer and further show 
that the viscosity values obtained with these materials 
are extremely high. ' 
Throughout these studies an Instron Capillary Rhe 

ometer was employed to measure melt ?ow character 
istics. Shear stress values at low shear rates (0.74 see“) 
were used to characterize the ?ow behavior. These 

20 

values of course are representative of the melt viscosi- 25 
ties of these systems. Under these conditions, with 
measurement of the melt behavior of Su1fo4EPT gum at 
200°C. it was observed that a number of these materials 
are unprocessable. These are listed in Table I. 
The sulfonated elastomers used in this series ofex- 3O 

periments were derived from an ethylene-propylene 
ethylidene norbornene (EPDM) terpolymer (about 
50% ethylene, 45% propylene, 5% ENE), said polymer 
having a Mooney viscosity at 212°F. of about 20. The 
sulfonic acid levels are given in the tables in terms of 35 
meg. of acid/100 g. polymer and the neutralizations of 
said acids were performed in solution with 3 equiva 
lents of metal acetate per equivalent of sulfonic acid to 
insure complete neutralization. 

TABLE I 

to poor products. Indeed at higher shear rates the ex 
trudate from the rheometer is observed to be an inco 
herent crumb. Prior to the instant invention, there was 
no way of rendering these gums melt processable with 
out major sacri?ces in their elastic properties. It is 
possible to lower the sulfonation level in these systems 
to about 0.4 mole % and at this low level, melt process 
ability is improved, but at the major sacri?ce in physi 
cal properties. Of course, increasing the sulfonation 
level above that for the materials shown in Table I only 
renders the melt processability problem more severe. 
Clearly, these materials in this state must be considered 
unprocessable. The flow behavior is so poor that com 
pression set measurements on melt processed materials 
would have little signi?cance. Therefore, they were not 
made. Also due to the intractable nature of these mate 
rials, a fused specimen could not readily be obtained 
through compression molding and hence tensile prop 
erties were not obtained. 

EXAMPLE 2 

This series of examples will demonstrate that a sul 
fonated-EPDM with a sulfonate level which is even 
higher than those illustrated in Table II, can be modi 
?ed to yield products which have much improved flow 
behavior as measured by shear stress at various shear 
rates at 200°C. The modi?cation which is the subject of 
this invention is a blending of the unprocessable Sulfo~ 
EPT gum with high density polyethylene or polypropyl 
ene. The resulting blends are then compression molded 
for compression set measurements at 70°C., and also 
examined in a capillary rheometer at 200°C. to deter 
mine melt flow characteristics. 
The sulfonated elastomers are identical to those em 

ployed in Example 1 (i.e. the same sulfonate levels and 
series of cations were employed as well as the same 
starting EPT. However, in this series of Examples, the 
Sulfo-EPT gum has been blended with suf?cient high 
density polyethylene (HDPE) such that the crystalline 

RHEOLOGICAL CHARACTERISTICS OF SULFO-EPT GUMS 
Base Sulfonation Neutralization Apparent Shear Stress, dyncs/cm2><l0“5 Meltm‘” 
Resin Lcvcl"“ Agent .74 Sce-I 7.4 See“I 74 Sec“I 740 Sec-I Fracture 

A 20 Zn(Ac)2 13.8 31.5 62.0 93.6 29 sec-I 
A 20 MgtAc)2 31.6 49.3 67.1 97.5 .7 Incoherent 

285 
A 20 Ba(Ac)2 29.5 49.2 65.1 91.3 1.5 Incoherent 

73 
A 30 Zn(Ac)2 31.4 52.2 73.7 109.2 .7 
A 30 Mg(Ac)2 35.5 52.7 70.2 110.0 3 Incoherent 

73 
A 30 Ba(Ac), 32.8 50.3 67 5 99.9 3 Incoherent 

147 
A 40 Zn(Ac)2 39.2 61.2 78 0 118.6 .3 Incoherent 

. 735 

A 40 Mg(Ac)2 42.1 55.0 —— ~ .3 Incoherent 

15 
A 40 Ba(Ac)-, 38.6 53.8 69.4 3 Incoherent ' 

15 

‘"‘Sulfonation level is de?ned as the milliequivalents of sulfonic acid present in‘100 gms. of the polymer. 
‘b‘Melt Fracture is de?ned as that shear rate where the extrudate was clearly irregular and therefore demonstrated nonuniform ?ow. 
""Incoherent“ behavior is de?ned as that type of tlow behavior where the extrudate was so poorly fused that it would essentially behave as an aggregated 
crumb. 

The important characteristic of these measurements 
shown in Table I is that they re?ect melt flow behavior 
of materials which are unprocessable by any practical 
technique such as extrusion, injection molding or even 
rapid compression molding. It is possible in some cases 65 
to obtain a coherent ?lm by long term compression 
molding of certain of these materials at high tempera 
tures, but this is an impractical process which also leads 

polyole?n represents 35% by weight of the resulting 
blend. 
The plastic employed was HDPE with a density of 

0.96 gms./cc. and a melt index of 6.0. The level of 
crystallinity of this plastic was estimated to be 80 to 
90%. The plastic blending was achieved with a Bra 
bender mixing head attached to a Plastieorder at a 
temperature of 160°C. and 50 rpm rotor speed. The 
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sulfonated gum and polyole?n was added alternately 
and mixing was completed after 8 minutes. The blends 
were then sheeted out on a 3 inches two roll mill for 3 1/2 
minutes at 160°C. It was observed that the molten 

‘ 10 

TABLE [Io-continued 

.CompressionySet - 3571 HDPE Blends 
‘ Set after 30 Minutes 

Sulfonic 
' 5 (Iounter- Acid blends. appeared qulte homogeneous ex‘eept‘that at the ion Level Room Temp 70°C‘ 

very h1gh sulfonate levels there was some evidence that 1 
the dispersion was not, completely homogeneous. Nev- Z8 1 2‘; $3 
ertheless, these blends were achieved with little dif?-> Mg ' Z0 37 7| 
eulty in all cases. The blends were then evaluated for 30 30 . 66 

their ?ow behavior as shown in Table 11a, their tensile 10 Ba 38 ‘2g properties as shown in Table llb and their compression 30 34 74 

set as shown in Table 11c. . . 4° 34 72 

The samples for the various measurements were pre 
pared as follows: . l i _ 

Compression Molding for stressstrain Measure_ 15 Several surpr1s1ng and very lmportant observatlons can 
mems 7 be obtained from the data 1n the Tables above and 

20 mi] micro pad pressed of each Specimen pre_ associated observations of this experimental series. In 
heated mold, 3' preheat’ 4' press at 35051:“ 20 tons’ all cases these plastic blends were compression molded 
Cooled under 20 tons_ with ease to yield strong compression molded pads. 
For Compression Set 20 Furthermore, the shear stress values for the blends of 
40 mi] 2% X 214 pads pressed of each Specimen. this example are 1/5 to 1/9 that of respective Sulfo-EPT 

Same Conditions as above_ gum as shown in Table l. The shear rate for melt frac 
compression Set at 70°C ture is dramatically changed so that uniform extrusion 
From each 40 mi] pad die Cut twelve 1/2 inch dism is achieved at much higher shear rates than was possi 

Made two stacks of 6 discs each Sample. placed in 25 ble with the Sulfo-EPT gum. In addition, the‘extrudates 
Compression jig with Shims providing 25% -compres_ were generally strong, smooth, and unlform 1nd1eat1ve 
Sion. Heated 22 hours in forced air Oven at 70°C Re, of excellent ?ow behav1or except 1n several cases (1.e. 
leased compression and determined Set after 30 min_ Ba cation at hlgh sulfonate levels) but even here there‘ 
utes_ was observed substantial ?ow improvement over the 

TABLE 11a ‘ 

Rheology, 35% HDPE Blends at 200°C. 
Sulfonic 

Counter~ Acid Shear Stress. clynes/cm2 X 10'5 > ' Melt Fracture 
ion Level 074 sec“ 7.4 see"l 74 sec-I 740 see‘l Shear Rate. see“ Comments 

Zn ' 20 2.1 6.3 19.5 PUlS?lCS DEF at 735 N0 bubbles 
30 3.0 9.1 27.0 Pulsates MF at 735 No bubbles 
40 3.5 10.1 28.1 Pulsates S1 at 295, out Distorted at 

6fM1= at 735 2939 
Mg 20 4.7 11 8 27.5 Pulsates S1v at 147. DEF No MF > 

at 295 735 see“I . 

30 4.2 1 1.2 27.5 Pulsates MF at 295 Matte ?nish 
40 4.8 12.1 30.2 Pulsates Rough strands Slight distortion 

- No severe 

fracture 
Ba 20 5 7 13.1 30.0 Pulsates DEF at 73, out Distorted at 2939 

of MF at 735 
30 5 2 12. 29.3 Pulsates DEF at 147 
40 7 6 16.9 36.7 Pulsates DEF at 147 Rough strands 

TABLE 11b 

Stress-Strain. 35% HDPE 0166615 6r Sulfn~EPT 
Room Temperature 100°C. 

Sulfonic 100% Tensile at 100% Tensile at 
Counter- Acid Modulus Break Elong Modulus Break Elong Yield 

ion Level psi Rzi‘m psi Rum" W psi psi ‘70 psi 

Zn 20 710 3.6 1425 8.4 520 195 170 135 205 
30 900 2.6 1755 4.9 465 350 355 195 _ 
40 1000 2.9 2290 6.8 485 340 335 200 _ 

Mg 20 750 2.5 1590 5.2 610 300 305 165 _ 
30 1035 2.0 1610 3.1 355 505 515 125 _ 
40 1090 2.6 2095 4.8 470 415 435 190 _ 

Ba 20 820 2.1 1685 4.0 525 400 420 130 - 
30 1070 2.1 1505 3.0 335 _ 500 95 - 
40 1275 2.3 2050 3.5 370 565 575 110 _ 

. TABLE II ‘ ‘ Sulfo-EPT gums. 
_ c The physical properties of these blends are shown in 

Compression SCI - 3517 HOPE Blends _ Table 11b. Again there are some important and surpris 
sulfonic .56‘ an“ 30 M‘"“'°_S 65 ing observations for these materials. The tensile 

Counter- Acid strengths observed at room temperature are good, rep 
'9" Levis" R°°m T°'"P- 7“ C- resentative of strong but somewhat elastomerie compo 
Zn 20 . 48 83 sitions possessing good elongations. At 100°C. the ten~ 
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sile strengths are also very high,‘indicative of substan 
tial strength at elevated temperatures for these materi 
als. Additional insight into this surprising development 
will be shown in a subsequent example where typically 
low tensile properties at 100°C. for other plastic blends 
will be shown. This observation of tensile properties‘ at 
100°C. and room temperature can be quanti?ed by the 
Ratio: ' 

‘ Tensile Strength at 23°C. 
2:; t _ 

R "“' _ Tensile Strength at 100°C. 

This ratio is provided in Table llb where it is evident 

~12 
EXAMPLE 3 

The same sulfonated EPT material employed in Ex 
ample 1 were examined in this example except that a 
preferential plasticizer, stearic acid, was present at a 
level of 3 equivalents per equivalent of sulfonic acid. 
The ?ow behavior of these plasticized Sulfo-EPT gums 
is shown in Table 111. It is clear that the presence of 
stearic acid dramatically lowers the melt viscosity of 
these materials. It is proposed that this occurs due to a 
selective interaction with the ionic groups resulting in 
their dissociation at elevated temperatures (~200°C.). 

TABLE 111 

RHEOLOGICAL CHARACTERISTICS OF SULFO-EPT GUMS CONTAINING STEARlC ACID 
Su1fonation Neutralization . Apparent Shear Stress dyncs/cm"’><10“5 

Level , Agent* .74 see‘l 7.4 sec‘I 74 sec" 740 sec“ M.F. 

20 Zn(Ae)2 2.1 6.9 18.7 39.0 1469 
20 Mg(AC)z 6.8 17.2 35.5 67.1 295 
20 Ba(Ae)2 11.1 26.5 51.5 ' 77.2 15 
30 Zn(AC)2 2.6 8.4 20.9 42.5 2939 
30 Mg(Ac)2 8.7 20.7 44.1 68.6 73 
30 Ba(Ac)2 15.2 33.9 55.4 79.6 7 

" 40 Zn(Ac)2 2.0 6.7 17.9 '35.3 
40 Mg(,Ae)2 1.7.9 30.8 49.2 75.7 .7 

-v 40 B2l(AC)-3 15.4 34.3 55.8 81.1 7 

‘Also containing 3 equivalents stearic acid per: sulfonic acid group. 

that values of R231“, vary from 3.0 to 8.4 but generally ' EXAMPLE 4 
are: about 3 to 5. It would be most desirable to have this 
value as low as possible so as to preserve the high 
strength of these materials at elevated temperatures. 
The compression set values for the blends of this 

Example are shown in Table 11c. It is very signi?cant 
that these blends have compression set values at 70°C. 
as low as 66% (or 34% recovery) after prolonged de 
formation. Plastic blends wherein the Sulfo-EPT gum 
does not meet the requirements of this'inven'tion usu 
ally have compression set ‘values at 70°C. inthe ranges 
of 90 to 100%, or from Oto 10% recovery. It is seen 

30 

35 

The Sulfo-EPT gums of Example 3 were blended with 
HDPE in the same manner as in Example 2. The mea 

‘ surements were conducted in a manner very similar to 

those of Example 2. The ?ow behavior of these materi 
als is shown in Table IVA. These data can be compared 
with the data of Table 11a and it can be generally ob 
served that the presence of stearic acid lowers the shear 
stress at a given shear rate by about 1/a and also im 
proves the shear rate for melt fracture to some extent. 

- . TABLE IVA 

RHEOLOGY* OF SULFO-EPT Blends Containing 35% HDPE AND STEARIC ACID 
Sulfonic Onset of 

Counter- Acid Shear Stress. dynes/cm2 X 10 5 Melt Fracture 
ion Level 0.74 sec" 7.4 sec‘I 74 see‘I 740 sec“ Shear Rate. sec" Comments 

Zn 20' 0.86 3.3 10.9 28.6 In and out at 2939 S1 distortion 
30 0.94 3.6 12.2 33.3 DEF MF at 2939 at 1469 

Die swell at 
I 735 

40 1.0 3.7 12.4 34.3 DEF MF at 2939 Distorted to 
1469 

Die swell at 
' 735 

Mg 20 1.4 4.6 14.8 37.1 MP at 735. out Distorted at 
i at 1469 2939 

30 1.6 ~ 5.5 19.1 Pulsates DEF MF at 735 Distorted at 
295 

40 2.0 6.8 19.7 47.6 DEF MF at 735 Distorted at 
‘ 147 

Ba 20 2.3 7.1 21.5 Pulsates DEF MF at 735 Distorted at 
' 147 

30 2.3 8.7 24.7 Pulsates DEF MF at 295 Distorted at 
73 

40 2.1 7.7 22.2 Pulsates DEF MF at 295 Distorted at 
73 

‘Measured at 200°C. 

that the products of this invention indeed have excel 
lent compression set values. ‘ 

The physical properties of the blends of this Example 
are presented in Table IVB. It is immediately evident 
that while the room temperature tensile properties are 

Thus it has been demonstrated that the blends'of this 65 quite similar to those in Table llb, the properties at 
Example have an outstanding combination of good 
rheological behavior. good tensile properties, espe 
cially at 100°C.. and good compression set. 

100°C. are markedly different. Indeed the tensile prop 
erties in Table llb at 100°C. are some 5 to 9 times 
greater than those in Table IVB. This remarkable dif 
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ference is quanti?ed in the ratio of tensile strength at 
break: 

Tensile Strength :11 Room Temperature 
Tensile Strength at 100°C. Rmmo E 

It is seen that for the data in Table IVB, this ratio is on 
the order of 20 to 60 while this same ratio generally 
varied from 3 to 8 for the blends without stearic acid 
plasticizer. Because low values for this ratio are highly 
desirable, this ?nding is of considerable importance. 

TABLE IVB 

IO 

ethylene, 45% propylene, 5% ENE), said polymer hav 
ing a Mooney viscosity at 212°F. of about 20. The 
sulfonic acid levels are given in the tables in terms of 
meq. of acid/I00 g polymer and the neutralizations of 
said acids were performed in solution with 3 equiva 
lents of metal acetate per equivalent of sulfonic acid to 
insure complete neutralization. 

Essentially four Sulfo~EPDM gums were employed, 
two levels of sulfonate (20 and 30 meq/lOO g polymer) 
and two cations (zinc and magnesium). The materials 
are abbreviated as Zn-ZO, Mg-ZO, Zn-20 and Mg-30 to 

STRESS-STRAIN, 3571 HDPE BLENDS OF'SULFO-EPT WITH STEARIC ACID 
Room Temperature 100°C. 

Sulfonic I006’! Tensile at IOO‘Z Tensile at 
Counter‘ Acid Modulus Break R'"'"mu Elong Modulus Break Elong Yield 

ion Level psi psi ‘7:. psi psi ‘71 psi 

Zn 20 795 I190 26 525 55 45 I15 90 
30 775 I260 19 525 90 65 I20 I30 
40 I020 2360 59 520 65 40 I15 110 

Mg 20 795 I730 31 560 65 55 H0 IOUv 
30 895 I735 31 470 95 55 ZIO I25 
40 I085 3055 (‘II 565 70 50 I35 I10 

Ba 20 845 20 l 5 27 525 I00 75 I45 I25 
30 925 20H) 25 435 I45 80 320 I60 
40 I205 2960 35 475 I25 85 ZIO . I55 

Finally, the compression set values for the blends of 
this example are provided in Table IVC. As indicated 
previously, the compression set of these blends is con 
siderably worse than those described in Table Be. In 
fact, the recovery at 70°C. after this test is on the order 
of 0 to 7% for the blends of this example, but ranges 
from 17 to 34% for the blends of Example 2. 

TABLE IVC 
COMPRESSION SET — 35% HDPE BLENDS 

OF SULFO-EPT WITH STEARIC ACID 
Sulfonic 

Counter- Acid Set after 30 Min. 
ion Level Room Temp. 70°C. 

Zn 20 74 97 
30 69 I00 
40 74 98 

Mg 20 70 95 
30 63 96 
40 72 93 

Ba 20 7I 97 
30 62 98 
4O 70 94 

The data in this example clearly show that the pres 
ence of stearic acid at the levels shown here result in a 
substantial loss in the physical properties which are the 
object of this invention. It is clear that the desirable 
gums that are within the speci?cations of this invention 
will give the desired properties and also give good ?ow 
behavior while those gums outside these speci?cation 
will have undesirable properties in the resulting blends. 

EXAMPLE 5 

Previous experiments have shown that blends of high 
density polyethylene with a suitable Sulfo-EPT results 
in a material with excellent melt flow behavior and 
excellent physical properties. These same characteris 
tics are observed with other crystalline polyole?ns, 
speci?cally low density polyethylene (LDPE) and poly 
propylene (PP) as this example will show. 
The sulfonated elastomers used in this series of ex 

periments was derived from an ethylene~propylene 
ethylidene norbornene (ENB) terpolymer (about 50% 

35 

40 

45 

50 

55 
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denote sulfonate level and cation type. 
These gums were blended with low density polyethy 

lene having a melt index of 30 and a crystallinity level 
of about ‘45%, and with isotactic polypropylene, both 
plastics being present at a level of 35% in the ?nal 
blend- The proceedings described in Example 2 were 
employed to blend these materials. 
The melt ?ow behavior was measured as described in 

previous examples. A summary of the appropriate data 
is shown in Table Va. Based on these data, it is evident 
that all the samples would be suitable for extrusion, 
compression molding, and injection molding. 

TABLE Va 

RHEOLOGICAL CHARACTERISTICS OF BLENDS OF 
SULFO-EPT WITH LDPE AND PP AT 200°C, 

Shear Stress 
dyncs/cm'ZXl0‘5 Melt Fracture 

Sample 0.74 sec‘1 Shear Rate, sec‘| 

Zn~20 LDPE 3.0 Distortion at 735 
‘ Smooth at 2939 

Zn-20 PP 3.1 No MFR 
ZN-3O LDPE 3.2 No MFR 
Zn-30 PP 3.6 No MFR 
Mg~20 LDPE 4.5 No MFR 
Mg-20 PP 4.5 No MFR 
Mg-30 LDPE 4.4 No MFR 
Mg~30 PP 4.7 Slight MFR at I467 

The physical properties of these blends were mea 
sured at room temperature and at 100°C. (Table Vb). 
It is immediately apparent from those data that these 
blends are strong and elastomerie at room temperature, 
but also possess good tensile properties at 100°C, espe 
cially the blends with polypropylene. Indeed, tensile 
strengths as'high as 500 psi are achieved with such 
blends. These properties are remarkable in view of the 
excellent flow behavior at “200°C. 

TABLE Vb 

PHYSICAL PROPERTIES OF BLENDS OF SULFO~EPDM 
WITH LDPE AND PP AT 23°C. 

I007: Modulus Tensile Elongation 
Sample Psi ' Psi 

Zn-ZO LDPE ‘483 l'34l, ‘ 5I7 
Zn-ZO PP l40l ,l658 ‘325 
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TABLE Vb-continued 

Zn~30 LDPF. 560 I265 410 
Zn-30 PP I558 I77] 220 
Mg-ZU LDPF. 506 I34‘) 560 
Mg~20 PP I67‘) I690 112 
Mg-30 LDPF. 604 I60] 512 
Mg~30 PP I447 I746 237 

PHYSICAL PROPERTIES OF BLENDS OF SULFO-EDPM ' 
WITH LDPE A_ND PP AT 100°C. 

I007! Modulus Tensile Elongation 
Sample > Yield Psi Psi ’/1 

Zn-20 LDPF. — 109 Ill I53 
7.n-20 PP 530 SIS 518 I00 
Zn-3O LDPE — — I74 80 

Zn-3O PP 598 582 564 I30 
Mg-ZO LDPE — - 147 ‘ 58' 

Mg-20 PP — — 681 - 83 

Mg-3O LDPE -— -— I64 45 

Mg-30 PP 559 560 ' 549 I40 

The blends of this example were examined with re 
spect to their compression set behavior in the same 
manner as described in Example 2. The data are sum 
marized in Table Vc. ; 
These data, rheology, physical properties, and com 

pression set, clearly identify these blends of Sulfo-EPT 
with crystalline polyole?ns as having an unusual and 
very desirable balance of ?ow behavior and excellent 
property pro?le. It has already been shown that the 
ionic elastomer must be of ‘a particular type in order 
that the blends have these desirable properties. It will 
be shown in subsequent examples that the plastic addi 
tive must meet the constraints described above in order 
for the resulting blend to have'the balance of ?ow 
behavior and physical properties which is the object of 
this invention. ( 

TABLE Vc 

COMPRESSION SET AT ROOM TEMPERATURE 
' (,30'. RECOVERY)v 

Sample 30 Minutes 

Zn-20 LDPE 28.2 
Zn-ZO PP 39.5 
Zn-30 LDPE 29.5 
Zn-30 PP 48.2 
Mg-20 LDPE 21.6 
Mg-20 PP 35.9 
Mg-30 LDPE 23.3 
Mg-30 PP 44.7 

COMPRESSION SET AT 70°C. 
(30’ RECOVERY) 

Sample 30 Minutes 

Zn-20 LDPE 80.4 
Zn-20 PP 79.2 
Zn-30 LDPE 77.0 
Zn»30 PP 8| .7 
Mg-20 LDPE 75.3 
Mg-20 PP 72.8 
Mg-30 LDPE 78.2 
Mg-30 PP 80.2 

16 
EXAMPLE 6 

The previous examples in this invention have clearly 
shown that a suitable Sulfo-EPT gum is required to 
create a blend having a suitable balance of physical 
properties and flow behavior. If that gum does not have 
a suf?cient degree of ionic association at elevated temt 
eratures (i.e. shear stress at 200°C), it will not be suit 
able. It is important to emphasize that the plastic must 

'0 also meet the critical parameters previously shown in 
the speci?cation. This example will compare a Sulfo 
EPT gum (neutralized with magnesium acetate at a 
sulfonic acid level of 30 meq -— the same gum em 
ployed'in Example 2 based on Mg(Ac)2 and 30 meq 

l5 sulfonate) blended with: 
A. High density polyethylene; 0.96 density which 

meets our speci?cations. 
B. A rubber process oil, commercially known as 

Flexon 845*. 
2C *Flexon 845 is an oil consisting of about 15%v aromatics and about 8471 

saturates. which has a refractive index at 20°C. of 1.4755, :1 specific 
gravity at 60°F. of 0.8649 and a viscosity at 100°F. of3l.9 centistokes. 
Flexon 845 is available from Exxon Chemical Company. 

C. An ethylene propylene ethylidene norbornene 
terpolymer having a Mooney viscosity of about 40,_ an 

25 ethylene content of 50%, a propylene content of 45% 
and an ethylidene norbornene (ENB) content of about 
5%. _ 

D. Atatactic (noncrystalline polypropylene). 
E. A commercial polystyrene sample which is non 

30 crystalline and has a number average molecular weight 
ofvabout 180,000. 

All of these materials were blended with the Sulfo 
EPDM gum at an additive level of 54 parts per hundred 
of gum. The ?ow behavior of the blends was then deter 

35 mined, and the room temperature tensile properties 
determined. The data are presented in Table VI. 
An inspection of these data immediately reveals that 

only the blend with the crystalline polyole?n (HDPE) 
provides a suitable balance of good flow behavior and 

40 good physical properties. It is apparent that the addi 
tion of the process oil results in a blend with poor ?ow 
behavior and rather borderline physical vproperties. 
Both blends with EPDM and atactic polypropylene 
have very poor tensile properties and also rather poor 

45 ?ow behavior. It is interesting that the blend with atac— 
tic polypropylene has a rather low viscosity but ex 
trudes nonuniformly as judged by the early onset of 
melt fracture. Finally, the polystyrene additive provides 
a blend with very short (i.e. nonelastie) elongations and 

50 poor extrusion behavior. 
These data clearly demonstrate the importance of 

selecting the plastic additive. It is clear that the crystal 
line polyole?ns are remarkable in that the blends based 
on these systems provide a very desirable combination 

55 of good ?ow behavior and excellent physical proper 
ties. ' ~ 

TABLE VI 

RHEOLOGICA L, AND PHYSICAL PROPERTIES OF VARIOUS ADDITIVES WITH SULFO-EPT 
v Room Temperature 

Onset of V Tensile Properties 
De?nite Tensile 

Melt Fracture 1 Strength Elongation 
Shear Stress at .74 sec“ .Shear Rate. . at Break at Break 

Blend ‘Sample dynes/cm‘ X I0"" . sec“ psi 7: 

l A + 54 phr HDPE 4.2 295. I608 355 
2 A + 54 phr Flcxon 9.l2 7.4 776 430 

845 oil ' ' 

3 A + 54 phr B 6.16 73.5 ‘ I20 I87 
4 A + 54 phr Atactic .39 .735 ' 269 I30 

Polypropylene 
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TABLE Vl-continued 

RHEOLOGICAL AND PHYSICAL PROPERTIES OF VARIOUS ADDlTlVES WITH SULFO-EPT 

18 

Room Temperature 
Onset of Tensile Properties 
Definite Tcnsilc 

Melt Fracture Strength Elongation 
Shear Stress at .74 sec " Shear Rate. at Break at Break 

Blend Sample dyncs/cm' X 10"" sec‘1 psi r/¢ 

5 A + 54 phr Polystyrene 3.98 .735 645 <10 

A. Suli'o-EPT MglAcl»: neutralized 30 meq 
H. l-ZPDM 

What is claimed is: 
l. A composition of matter which comprises a blend 

of an intractable ionic elastomer, said elastomer con 
sists essentially of sulfonated nonaromatic hydrocarbon 
polymers, said elastomer comprising a continuous 
phase of said blend and said elastomer being character 
ized as having a shear stress as measured at a shear rate 
of 0.74 sec‘1 of at least 1 X l06 dynes/cm2 at 200°C, 
and from 10 to 90 parts per hundred elastomer of a 
crystalline polyole?n having a degree of crystallinity of 
at least 25%. 

2. Composition of claim 1 wherein said sulfonated 
polymer comprises from about 0.2 to about 20 mole % 
sulfonate groups at least 95% of which are combined 
with a counterion selected from the group consisting of 
Groups I and ll of the Periodic Table of the Elements, 
aluminum, zinc, lead and mixtures thereof. 

3. The composition of claim 2 wherein ‘said sulfo 
nated polymer comprises from about 0.2 to about 5.0 
mole % sulfonate groups. 

4. Composition of claim 2 wherein said crystalline 
polyole?n is selected from the group consisting of poly 
ethylene, polypropylene, and ethylene propylene co 
polymers, having a degree of crystallinity of at least 
40%. . 
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5. The composition of claim 2 wherein said sulfo 
nated elastomer is prepared by neutralizing a sulfonic 
acid polymer with a basic material wherein the cation is 
selected from the group consisting of Groups IA, [8, 
HA, and H8 of the Periodic Table of the Elements, 
aluminum, antimony, lead and mixtures thereof. 

6. Composition of claim 2 wherein said crystalline 
polyole?n is added at a level of from 20 to 90 parts per 
hundred sulfonated elastomer. 

7. Composition of claim 2 wherein said sulfonated 
polymer is selected from the group consisting of sulfo 
nated butyl polymers and sulfonated ethylene-propy~ 
lene terpolymers. 

8. Composition of claim 7 wherein said sulfonated 
polymer is a sulfonated ethylene-propylene terpolymer. 

9. Composition of claim 8 wherein said crystalline 
polyole?n has a melting point of at least 70°C. 

10. Composition ofgclaim 9 wherein said ‘crystalline 
polyole?n is polypropylene. 

11. The composition of claim 9 wherein the crystal 
line polyole?n is polyethylene. 

12. The composition of claim 9 wherein said crystal 
line polyole?n is polybutene-l. 

* * * * * 


